Background: There are many programs which focus on late-stage chronic kidney disease (CKD), and it is considered that further evidence needs to be generated regarding the effectiveness of the programs used before renal replacement therapy. Study Design: A cohort study. Settings & Participants: Patients over 15 years of age who had been diagnosed with CKD according to the KDOQI (Kidney Disease Outcomes Quality Initiative) guidelines and who had undergone conventional treatment (CT) or a renal protection program (RPP). These were patients of two Colombian health insurance companies. Predictors: Age, sex, marital status, comorbidities, CKD stage, and clinical indicators. Outcomes: First CKD progression, and need for renal replacement therapy (RRT). Measures: Clinical marker. Results: The RPP is structurally and functionally different from the CT. It offers the interdisciplinary management of patients, a greater number of medical appointments, and patients start to receive treatment at younger ages and at earlier stages of their condition. The clinical markers of the patients following the RPP are within adequate ranges, and their renal function is less impaired, despite the differences in basal conditions. Upon finishing the study, we found that patients who received CT had a higher risk of receiving nephrotoxic drugs and not receiving nephroprotective drugs. The explanatory variables for the first progression were age, stage, history of dyslipidemia, and hemoglobin, potassium, and albumin levels. These variables, together with glycemia levels were also valid for RRT, except for history of dyslipidemia, as it was not significant. Upon adjusting for the explanatory variables, it was found that belonging to the RPP and attending more appointments had a protective effect in the process of controlling renal damage. Limitations: A possible selection bias. Conclusions: Belonging to a structured renal protection program is an effective way to keeping the clinical markers associated with renal impairment within normal ranges.
Introduction
Due to the rapid increase in its prevalence, its close relationship with an increased risk of cardiovascular disease, and the high costs of treatment, chronic kidney disease (CKD) is now recognized as a public health problem that affects people of all ages and alters their quality of life [1, 2] . Because of these characteristics, this disease is becoming a priority for healthcare systems. This has created an urgent need to develop effective ways of measuring interventions to prevent its progress [3, 4] .
According to the calculations of the National Health and Nutrition Examination Survey (NHANES) III, it is estimated that twenty million adults have CKD in the United States. Currently, approximately 360,000 patients have undergone renal replacement therapy (RRT) in the European Union. In developed countries, it is estimated that the number of people with end-stage CKD will continue to increase at an annual rate of around 5% to 8%. This growth is driven by population aging and the increased incidence of diseases related to renal failure [5] .
In Colombia, there are over 20,000 individuals with stage 5 CKD, with an age-adjusted prevalence of 454 patients per million people. This figure is lower than the prevalence observed in the United States and higher than the average prevalence in Latin American countries in 2005. Nevertheless, the prevalence of early-stage CKD is only 0.87%. This figure is lower than the one reported in other studies conducted on population samples and is thought to be the result of underreporting [6] .
In order to delay CKD progression in Colombia, the Ministry of Social Protection implemented a model for its prevention and treatment in 2006. The model aimed to address the growing demand for services related to this condition [7, 8] . Furthermore, Act 1122 of 2007 created the Cuenta de Alto Costo agency (CAC), a nongovernmental technical agency forming part of the Colombian General System for Health-Related Social Security. This is a strategy involving both public and private institutions and seeking to address the high costs generated by the condition itself, an issue that has a significant impact on Colombia [9] . However, before the appearance of such provisions, a Colombian health insurance company (EPS) designed and implemented a renal protection program (RPP) that was structurally and functionally capable of providing its users with a particular type of medical care that was very different from the conventional treatment (CT) that other institutions continued to offer.
Although a number of national health institutions from across the world claim that it is important to reduce morbidity and mortality rates in the proactive management of CKD by making early referrals of patients to a multidisciplinary team, there are scant data within the current literature to support such a recommendation [10] . The authors of a meta-analysis published in April 2010 concerning evidence regarding the clinical and cost effectiveness of early referral strategies for managing people with markers of renal damage reported that, in the last two decades, only two studies in the world had focused on assessing the effectiveness of interventions carried out at early stages of CKD [11] .
Not enough reports were found in the scientific literature that assessed RPPs which continuously monitored patients for at least four years and observed the relationship between the delay in kidney function impairment, and the behavior of variables such as clinical parameters (blood pressure, glycemia, lipid profile, etc.) and nutritional treatment [12] [13] [14] [15] [16] .
Since the mechanisms for identifying CKD patients in the stages prior to RRT are not very effective, we are missing out many opportunities to implement strategies to reduce the progression speed of renal failure and thus reduce the incidence of terminal renal failure [6] . That is why this study aims to assess the effectiveness of the renal protection program in monitoring the clinical markers and their relationship with the progression of renal damage.
Methods

Type of Study
An analytic cohort study with ambispective follow-up given to two dynamic cohorts of patients over 15 years old and diagnosed with CKD. Individuals were classified by stage (according to the KDOQI guidelines) [17] in order to compare the behavior of the clinical and renal impairment indicators of the patients exposed to the RPP and those of the patients undergoing CT.
Population
The study was conducted with patients from two health insurance companies belonging to the same type of social security regime and operating in Antioquia, Colombia. Data was collected retrospectively from electronic medical records from April 1, 2004 (the starting date of the RPP) to the first half of 2007. After that date, information was collected prospectively until April 30, 2008. The total treatment time was 49 months. Figure 1 describes the participant selection process.
Treatment Comparison
The RPP is an interdisciplinary healthcare program based on a protocol involving periodic appointments and moni-toring of clinical and laboratory tests accompanied by continuous education. The RPP is aimed at CKD patients from the initial stages of their condition and it is divided into several levels. The first level is aimed at patients in stages 1 and 2. It offers medical appointments Copyright © 2013 SciRes. OJNeph with interists and nutritionists on an annual and biannual basis, respectively. The second level is for patients in stages 3 and 4, and it offers medical appointments with internists, nephrologists, and nutritionists on a three-peryear and bimonthly basis, respectively. Laboratory tests are per-ormed one month prior to the medical appointment with a specialist. When patients request a medical appointment because they feel the need to do it, conventional treatment (CT) either provides primary level attention or refers patients to a specialist, depending on the general practitioner's criteion.
No significant differences were found between the RPP and CT groups in terms of treatment abandonment, loss of patients for different reasons, and death (p = 0.157; p = 0.163; p = 0.318 respectively).
Variables
The variables considered as criteria for CKD diagnosis were: creatinine clearance of less than 60 ml/min, alrations observed in renal ultrasound tests, proteinuria levels higher than 150 mg/day, alterations in urinary deposits, and -for diabetic patients-micro-albuminuria levels higher than 30 mg.
The variables included in the study were: age, sex, comorbidities, marital status, CKD stage according to the KDOQI guidelines, and clinical and laboratory variables as measured upon diagnosis and whenever stage progression took place. Some quantitative variables were categorized based on the clinical definitions for cutoff in accordance with the values reported in the literature
Analysis Technique
A comparison was carried out between the guidelines for clinical monitoring and care of patients with renal alterations used by the institution offering the RPP, and the treatment process used by the institution offering CT. The objective was to identify differences in the healthcare process, tests carried out, frequency of tests and appointments, types of professionals involved in the process, etc.
The population was characterized when CKD was diagnosed through frequency distributions and proportions for the qualitative variables. Quantitative variables were characterized via measures of dispersion and descriptive statistics. The Kolmogorov-Smirnov or Shapiro Wilk tests were also used. The qualitative variables of the two groups under study were then compared using the Pearson Chi2 test or the Chi2 test for trends, depending on the case. If the quantitative variables had a normal distribution, they were compared using the t-Student test. If the distribution was not normal, then the U Mann-Whitney test was used. The odds ratios (OR) and their corresponding confidence intervals were calculated to be 95%.
A propensity score (PS) was used to assess effectiveness in maintaining the values for clinical markers and exposure to nephrotoxic and nephroprotective drugs within normal ranges. This statistical technique calculates the conditional probability of having been exposed to the variable of interest based on the subject's baseline features [18] . The PS is composed of the following variables: age (>65 years/<=65 years), sex (female/male), marital status (no partner/ with permanent partner), arterial hypertension (yes/no), diabetes mellitus (yes/no) and dyslipidemia (yes/no). The PS created with these variables shows how they explain the probability of joining a RPP or undergoing CT by means of a logistic regression model that aims to predict exposure, and manages to group the various confounding variables into a single one [19] . These models also included the initial values of each variable.
Finally, two logistic regression models were created. Their dependent variables were the first progression into a later stage and the need for RRT. The variables included in the models were selected based on the Hosmer Lemeshow test. The quantity of data available for each variable was determined using the stepwise technique to obtain the final model. These models excluded patients who joined the study at stage 5 of their condition.
Avoidance of Bias
A potential bias could have arisen when we were forming the cohort and encountered participants with different features which increased the probability of having any of the outcomes. We therefore conducted multivariate analyses that adjusted for the features and basal conditions of the subjects. To avoid selection bias, we ensured that patients complied with the inclusion criteria. Possible migration bias could have occurred when the conditions of those who abandoned treatment were different from the conditions of those who stayed in it, and when such conditions were associated with the outcome itself. To prevent this, we inquired about censoring, either by reviewing the records of the health insurance companies or by asking via telephone. We thus located 80% of the patients and found no differences between the groups.
A possible reporting bias might have occurred when it was more likely to find more cases in the cohort being monitored for a longer time period (the RPP). Another bias resulted from the fact that the RPP actively searches for patients, thus its clinical records had more data than those of the patients following CT (underreporting). This bias was avoided by triangulating information and crossing the records for the missing data when possible.
Results
When comparing the number of appointments attended by patients from both programs, it was observed that patients belonging to the RPP had more appointments with internists, as well as educational and nutritional appointments. The highest percentage of appointments for patients following CT was with general practitioners and ophthalmologists, as shown in Table 1 .
There was a proportional difference in CKD stage at the moment of diagnosis between the patients from the two health insurance companies. More than 30% of the patients who joined the RPP were in the first two stages of the condition, compared to only 16.7% of patients who underwent CT. In other words, CT had a higher number of patients in the final stages of CKD. Patients undergoing CT are more likely to be diagnosed with CKD when the condition is already in the final stages of its development, as shown by the OR represented in Table 2 . According to this, a patient following CT is approximately 50% more likely to be diagnosed with late-stage CKD (stages 4 and 5) than a patient from the RPP.
Additionally, CKD patients following CT were significantly older (Me:70 years old) than RPP patients (Me: 66 years old). This was observed in both males and females.
Upon comparing the morbidities of the patients following CT and those of the RPP patients, it was observed that prevalence values were similar for both groups (Figure 2) , except for arterial hypertension (p < 0.001), dyslipidemia (P = 0.023), diabetes mellitus (p = 0.014), cerebrovascular disease (0.002) and obesity (p = 0.017).
After analyzing the values observed for the various clinical markers at the moment of diagnosis, we found significant differences between the CT and RPP patients regarding serum creatinine, creatinine clearance, triglycerides, and potassium. These values were less affected or even within normal ranges for the RPP patients. The values for the high-and low-density lipoproteins were more favorable for the patients undergoing CT. No significant differences were found between the values for systolic arterial pressure, glycated hemoglobin, 24-hour proteinuria, total cholesterol, hemoglobin, phosphorus, and parathyroid hormone.
Likewise, upon analyzing the values at the moment of diagnosis, we found that the risk of receiving nephrotoxic drugs such as non-steroidal anti-inflammatory drugs or aminoglycoside antibiotics is 1.7 times greater for patients following CT (CI95%: 1.4 -2.1) than for patients in the RPP. We also found that the risk of not receiving nephroprotective drugs is 2.1 times higher (CI95%: 1.8 -2.4) for patients with CT than for those following a RPP.
The risk of having out-of-range values for the clinical markers and for the variable "final exposure to nephrotoxic and nephroprotective drugs" at the end of the treatment period was analyzed ( Table 3) . It was then found that CT patients had a higher risk of having clinical markers which were out of range for SAP, fasting blood glucose, glycated hemoglobin, and potassium. The risk of having out-of-range clinical markers for the cholesterol variable was higher in the RPP patients. No differences were found in albumin, calcium, and hemoglobin. Similarly, the risk of receiving nephrotoxic drugs for patients undergoing CT was 0.63 times greater than that of the patients in the RPP. The risk of not receiving nephroprotective drugs was 0.35 times higher for CT patients.
The models described below show the effect of the "first progression" and "need for RRT" variables on renal function impairment. The variables are adjusted for patient features ( Table 4) .
Regarding the variable representing the first progresssion into the next stage of CKD, we found that the patients in the RPP and those who attended more than eight medical appointments had a lower risk of CKD progresssion. Their protective fraction was 51.7% and 71.3% respectively. Likewise, a history of dyslipidemia, together with out-of-range levels of hemoglobin, potassium, albumin, and glycemia, behaves as a risk factor for CKD progression. On the other hand, out-of-range hemoglobin and albumin levels represent the highest risk (2.91 and 1.53 respectively). The association was not significant for glycemia. In terms of age, we found that the older the patient, the higher the risk of CKD progression.
Regarding the risk of CKD progression based on the condition's stage at the moment of diagnosis (and taking stage 4 patients as a reference point) we found that the risk of having the first progression increases as the stage at the moment of diagnosis decreases. Hence, the risk of progression for patients in stage 1 is 38.75 times higher than the risk for those in stage 4 .
The model used to analyze the need for RRT also showed that patients belonging to the RPP have 44.9% less probability of requiring renal replacement therapy. Similarly, attending more than 8 medical appointments means 66.2% less probability of requiring RRT.
Likewise, it was found that patients with out-of-range levels of glycemia, hemoglobin, potassium, and albumin had a higher risk of needing RRT than those with levels within the acceptable range. Out-of-range hemoglobin posed the highest risk for needing RRT (3.64), followed by albumin (2.06). Similarly, patients with a history of dyslipidemia had a higher risk of needing RRT, but the association was not significant. Additionally, it was found that being younger is a protective factor against the risk of requiring RRT.
Regarding the CKD stage at the moment of diagnosis, it was observed that patients in stage 4, had a 9.35 times greater risk of requiring RRT than patients in stages 1, 2, and 3. 
Discussion
The Colombian healthcare system now considers CKD as a catastrophic and very costly pathology. Thanks to this, patients now have more and better access to the services designed to address it. This has also helped health insurance companies and other institutions reduce the impact of the costs associated with this condition. Consequently, improvements in users' health are expected, as well as a better use of the health system's resources [8] .
However, a great deal of studies have focused on the final stages of CKD, both in the world and in Colombia, and it is considered that more evidence should be generated regarding the effectiveness of the programs used before RRT. In this sense, this study demonstrated the effect of a predialysis intervention program complying with strategies for generating scientific evidence [8, 20] , such as early patient uptake, comprehensive care, and treatment of comorbidities.
The fact that patients are started on the renal protection program when they are at the initial states of their condition (which is demonstrated by the fact that 30% of the patients join the program at stages 1 and 2 in comparison with CT patients) demonstrates the significant effect of this program's active search for patients, something which should be included in all secondary prevention strategies.
The results show that the RPP patients receive more interdisciplinary care. This is evidenced by the proportion of patients seen by doctors and by the higher number of medical appointments involving different health professionals. This is compliant with the interdisciplinarity proposed by a number of studies, which show differences in CKD outcomes when comorbidities are treated by multiple disciplines [21] [22] [23] .
The higher percentage of educational appointments and the comprehensive care provided by the RPP show how it can be used for prevention. One of its positive effects could be a lower exposure to nephrotoxic drugs and higher rates of nephroprotective drugs usage.
The high number of general medical appointments for patients undergoing CT may be due to the particular characteristics of the on-demand type of health care provided by this kind of intervention. Additionally, the greater quantity of ophthalmology appointments observed in patients following CT may signify that this target organ is more affected in their case. This could be linked to the fact that their arterial hypertension, glycemia, or glycated hemoglobin levels were not within normal ranges at the end of their treatment.
The literature recommends that patients in stage 3 and onwards should be managed by nephrology professionals [24, 25] . Despite this, only 4 individuals following CT had this kind of treatment, making it impossible to compare the groups studied.
In terms of clinical indicators, it's worth noting that, although the logistic regression model showed that having out-of-range hemoglobin and albumin levels represented a high risk of having the first CKD progression and needing RRT, no significant differences were found between the RPP and CT patients regarding the management of these markers upon adjusting for the basal levels and PS. This shows how necessary it is to implement or improve the actions aiming at keeping the levels of these indicators within normal ranges. This would greatly contribute to reducing the risk of renal function impairment [26] .
Likewise, it is also worth mentioning that the RPP shows shortcomings regarding the management of total cholesterol when compared to CT-it is therefore necessary to identify the cause of such shortcomings, since inappropriate management of this indicator (i.e. high cholesterol values) is a risk factor for renal function impairment. Moreover, high cholesterol is also a risk factor for cardiovascular disease, which in turn is the main cause of morbidity and mortality among CKD patients [27] .
Patients diagnosed with stage 4 CKD had a high risk of needing RRT compared with those diagnosed at earlier stages of their condition. This demonstrates the importance of early detection of CKD in order to prevent or slow down the deterioration of renal function and the resulting deterioration of patients' quality of life, 1-2 as well as the economic consequences for the various elements of the General System for Health-Related Social Security [28, 29] .
Although the results obtained in this study in most cases showed differences favoring the RPP, it can also be observed that the proportion of patients attending appointments offered by the program and having clinical markers within the normal ranges could be improved. However, the findings regarding the protection levels provided by the RPP against the studied outcomes exceed 50% and explain more than 25% of its variability, thus suggesting that it is possible to have more effectiveness and a higher effect on the delay of CKD progression.
Implementing strategies for early intervention for CKD patients is an effective contribution to help keep the clinical markers associated with renal damage within normal ranges. It also has a positive effect on the treatment of the condition. Therefore, encouraging the implementation of such strategies optimizes the use of resources and improves patient prognosis.
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